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VEHICLE MASS CALCULATION DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a vehicle mass calculation
apparatus for calculating a vehicle mass for use i, for
example, determining shift timing in an automatic transmis-
s101.

2. Description of the Related Art

In recent years, attempts have been made to achieve more
eiicient, more response of automatic transmissions to better
match the driver’s feelings. Specifically, shift timing and
ogear are determined based on various factors including not
only vehicle speed and weight on the accelerator pedal, but
also vehicle mass and the gradient of the road on which the
vehicle 1s travelling.

Automatic transmissions, before mainly found 1n private
vehicles, are now also employed 1n commercial vehicles
such as taxis and buses. For private vehicles, a vehicle mass
ogenerally does not vary significantly because a relatively
small number of passengers 1s carried, and the need of
considering a vehicle mass as a variable 1n transmission
control 1s therefore not great. However, for commercial
vehicles, vehicle mass may vary significantly depending on
the number of passengers, and it 1s therefore preferable to
treat vehicle mass as a variable, rather than as a fixed value,
in transmission control. Recently, even passenger vehicles
come to find the need for a vehicle mass to be handled as a
variable along with the permeation of the type, such as
mini-vans, which can accommodate a relatively large num-
ber of passengers. Also, more accurate transmission control
1s now desired 1 conventional four-door sedans.

As a vehicle mass measurement method, there 1s available
a method 1n which suspension displacement 1s measured
with a vehicle 1n a still state, and another method in which
vehicle mass 1s calculated using a load weight sensor
provided to a suspension. Both these methods, however, can
only be applied when the vehicle 1s not moving.

As a method for calculating a vehicle mass while the
vehicle 1s travelling, one known method 1s based on the
relationship between acceleration and driving force.
Specifically, while a specific amount of driving force 1is
being generated, vehicle mass 1s determined to be large
when the vehicle only accelerates slightly, and 1s determined
to be small when a large acceleration 1s generated.

Japanese Patent Laid-open Publication No. He1 6-147304
discloses a technology for calculating vehicle mass by using
a neural network which receives time series signals 1ndica-
tive of vehicle acceleration, vehicle speed, and opening of a
throttle valve with the accelerator pedal being depressed.
Japanese Patent Laid-open Publication No. He1 6-201523
discloses vehicle mass calculation which a vehicle
acceleration, a vehicle speed, and a throttle position of a
vehicle having a less varying throttle position and running,
on a road of a constant gradient, are detected, and the
detected data in two cases of different throttle position are
compared to each other. These methods enable detection of
a vehicle mass of a running vehicle.

However, the method described 1n JP Laid-open Publica-
fion No. He1 6-147304 does not take road gradient into
consideration. In other words, the road must be level for
achievement of accurate vehicle mass calculation. In the
method described in JP Laid-open Publication No. Hei
6-201523, gradients in the two cases subjected to compari-
son must be equal to each other. That 1s, the methods
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2

described 1n the above mentioned publications have a prob-
lem that the road gradient must be known within a certain
degree of accuracy 1n order to achieve accurate vehicle mass
calculation.

SUMMARY OF THE INVENTION

The present invention aims to provide an apparatus
capable of calculating a mass of a vehicle in motion without
being affected by road gradient.

In order to solve the above described problems, according,
to the present mvention, there 1s provided a vehicle mass
calculation apparatus, comprising acceleration calculating
device for calculating a longitudinal acceleration of a
vehicle to obtain an acceleration signal; driving force cal-
culating device for obtaining a driving force signal corre-
sponding to a driving force of a power plant of the vehicle;
first signal processing device for removing influence of
resistance acting on the vehicle from the acceleration signal
to obtain a processed acceleration signal, second signal
processing device for removing influence of resistance act-
ing on the vehicle from the driving force signal to obtain a
processed driving force signal and vehicle mass calculating
device for calculating a vehicle mass based on the processed
acceleration signal and the processed driving force signal.

The relationship between a force acting on a vehicle and
vehicle acceleration 1n the longitudinal direction of a vehicle
can be expressed as

(force acting on vehicle)=(vehicle mass)x(vehicle acceleration).

When the force acting on the vehicle and the vehicle
acceleration are both known, vehicle mass can be calculated.
A force acting on a vehicle mainly comprises a driving force
caused by a power plant of a vehicle and a resistance force
acting on the vehicle. A resistance force includes friction
resistance (such as rolling resistance), air resistance, and
resistance due to road gradient. Gradient resistance may vary
depending on road gradient, whereas friction and air resis-
tance (hereinafter together referred to as running resistance)
arc determined at a substantially fixed value for each
vehicle. That 1s, forces other than gradient resistance can be
obtained 1n advance once conditions such as a running speed
and the state of a power plant are known.

A power plant constitutes a motor and a transmission
device, and the motor 1s generally an internal combustion
engine. An power of an internal combustion engine can be
obtained 1n advance so as to correspond to an engine speed
and a throttle position. When the transmission device has a
slip transmission element, ¢.g., a torque converter, torque
transmission or characteristic of the slip transmission ele-
ment must be taken into consideration i1n calculating a
driving force of the power plant.

Meanwhile, gradient resistance, which 1s resistance due to
the gradient of a road where a vehicle 1s running and not the
characteristic of the vehicle itself, cannot be obtained 1n
advance. When a vehicle 1s running on a road with a constant
gradient (including a level road), gradient resistance is a
constant, and contains only a DC component 1n time series.
Therefore, removal of the DC component will resultantly
provide an equation of motion free from the influence of
cgradient. Even with an inconstant gradient, an equation of
motion free from the mfluence of gradient can be obtained
through specification and removal of a frequency band of the
oradient resistance, affected by a change of road gradient.
Removal of that frequency band can result in additional
removal of the influence of a variation of friction resistance
(such as rolling resistance) and air resistance as the fre-
quency of that variation 1s also low.
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In consideration of this property, the first and second
signal processing device are filters for removing a frequency
band affected by the influence of gradient. Moreover, as the
influence of constant gradient appears as a DC component
and that of a varying gradient 1s of a low {frequency
component, as described above, the first and second signal
processing device are preferably high-pass filters for remov-
ing a low frequency component. The high-pass filter can
additionally remove vehicle friction resistance and air resis-
tance.

According to another aspect of the present invention,
there 1s provided a device for calculating a mass of a vehicle
loaded with a power plant including a motor and a trans-
mission device, comprising device for calculating a first
physical variable relative to an acceleration calculated by the
output rotational speed of the transmission device to obtain
a first signal; device for calculating a second physical
variable relative to an input torque of the transmission
device to obtain a second signal; device for storing trans-
mission characteristic of the transmission device; first signal
processing device to remove influence of resistance acting,
on the vehicle from the first signal to obtain a first processed
signal; second signal processing device to remove influence
of resistance acting on the vehicle from the second signal to
obtain a second processed signal; and vehicle mass calcu-
lating device for calculating a mass of the vehicle based on
the first processed signal and the second processed signal.

A vehicle 1nertia 1s imparted to the inertia of a transmis-
sion device. Inertia of a transmission device can be obtained
based on the relationship between an 1input and an output of
the power transmission device. When 1nertias of a transmis-
sion device other than the driving form transmission device
are known, the 1nertia of the vehicle can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a table of specification on a gradient variation,
required for impact modification with a road;

FIG. 2 1s a graph showing a vertical sectional curve for a
part of a road with a varying gradient;

FIG. 3 1s a graph showing a result of frequency analysis
applied to a function ®(t) indicative of variation of a
oradient, as time passes, when a vehicle runs at a predeter-
mined speed on a part of a road with a gradient of FIG. 1;

FIG. 4 1s graphs showing results of frequency analysis
applied to a function O(t) indicative of variation of a
oradient, as time passes, when a vehicle runs on roads with
oradient as shown;

FIG. 5 1s graphs showing results of frequency analysis as
for variation, as time passes, of a throttle position (a driving
force);

FIG. 6 1s a block diagram showing a structure of a vehicle
mass calculation apparatus in a preferred embodiment;

FIG. 7 1s a block diagram showing another structure of a
vehicle mass calculation apparatus;

FIG. 8 1s a diagram showing simulation conditions;

FIG. 9 1s a diagram showing a result of simulation under
the conditions of FIG. 7 1n the preferred embodiment;

FIG. 10 1s a block diagram showing still another structure
of a vehicle mass calculation apparatus;

FIG. 11 1s a diagram showing an example of transmission
characteristic of a torque converter;

FIG. 12 1s a block diagram showing yet another structure
of a vehicle mass calculation apparatus;

FIG. 13 1s a schematic diagram showing an example of a
vehicle power train having a torque converter;
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4

FIG. 14 1s a diagram showing variation of transmission
characteristic of a torque converter;

FIG. 15 1s a schematic diagram showing an example of a
vehicle power train having a launching clutch; and

FIG. 16 1s a block diagram showing yet another structure
of a vehicle mass calculation apparatus.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following, preferred embodiments of the present
invention will be described. An equation of motion of a
vehicle 1n the longitudinal direction can be expressed as
follows:

Mxo=F-Mg sin © (1)

wherein M 1s vehicle mass, o 1s acceleration, F 1s the sum
of the forces except force due to a road gradient force acting
on a vehicle, ® 1s road gradient, and g 1s the acceleration of
oravity. Force F 1s a driving force of a power plant, including
a motor and a transmission device, deducted by running
resistance, and will hereinafter be referred to as gross
driving force.

A driving force of a power plant under a certain driving
condition can be calculated when the relationship between a
driving force of a power plant and an operation requested by
a driver (such as an operation of an accelerator pedal and a
throttle position), a motor rotation speed, and a total gear
ratio of the transmission device, and so on, are obtained 1n
advance.

Running resistance is a sum of friction resistance (such as
rolling resistance), which is free from the influence of a
vehicle speed, and air resistance, which 1s substantially
proportional to a squared value of a vehicle speed. Running
resistance at a certain vehicle speed can be known when
running resistance 1s obtained 1n advance as characteristic of
that vehicle. Therefore, a gross driving force F of a running
vehicle at a certain time can be calculated. A vehicle
acceleration o can be obtained as a differential value of an
output of a speed sensor or an output of an acceleration
SENSOL.

A vehicle mass M 1s determined, 1n consideration of a
change of the number of passengers and the weight of
onboard load, as a value varying from the initial mass m. A
vehicle mass M can be expressed as follows:

M=0m (2)

wherein 0 1s a vehicle mass variable parameter.
Expression (1) can be rewritten as follows based on
Expression (2).

o=F/(0m)-g sin O (3)

When the vehicle travels on a road with a constant
gradient (for a level road, ®=0), the item in expression (3)
relative to gradient resistance term, or (-g sin ), is a
constant, and affects only the DC component of an accel-
eration . Therefore, employment of an acceleration o
signal and a gross driving force F both deducted by DC
components can provide an equation of motion free from the
influence of a constant gradient.

However, a road gradient ® may not be constant, and may
oradually vary, and the variation 1s relatively moderate and
alfects only on a low frequency component of an accelera-
tion . Therefore, when a signal of a low frequency
component, as well as a DC component, 1s removed from
signals respectively indicative of an acceleration o and a
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oross driving force F, an equation of motion free from the
influence of a gradient can be obtained even as for the case
of a varying gradient. Expression (3) can be rewritten as
follows:

o=F/(6m)-g sin © (4)

wherein o 1s an acceleration deducted by a signal of a
predetermined or lower frequency, and F 1s a gross driving
force deducted by a predetermined or lower frequency
signal. The term (-g sin ®) may be originated from gradient
resistance failed to be removed or a measurement error of an
acceleration o or a gross driving force F. A method for
obtaining a true value from a value containing an error 1s
known, and a vehicle mass variation parameter 0 or a vehicle
mass M can be obtained, using such a known method.

Here, 1t 1s to be appreciated that a predetermined or lower
frequency signal-deducted gross driving force F 1s free from
the 1nfluence of running resistance. That 1s, as a frequency
of a variation of running resistance (friction resistance and
air resistance) is low, as described above, removal of a signal
of a predetermined or lower frequency results in removal
also of the influence of a variation of running resistance. In
other words, with removal of a lower frequency component
from a gross driving force F, running resistance needs not be
taken mto consideration from the beginning. Therefore, 1t
should be noted that a driving force of a power plant can be
used 1mntact as a gross driving force to obtain the same result.

Next described 1s the extent to which gradient affects
frequencies. When a gradient is constant, only the DC
component of acceleration «. 1s aflected, as described above.
Therefore, 1t 1s suflicient to focus on the frequency propri-
eties relative to a period with a gradient varying from a
certain value to another, because a DC component, and thus
the influence of a constant gradient, can be removed as a
result of removal of a signal of predetermined or lower
frequency. Laws relative to road structures are enacted as a
cguide 1 road designs for modification of impacts applied to
a part of a road with a varying gradient. Gradient variation
defined 1n such laws may be considered maximum, or a case
causing an influence of high frequencies, as the fact that
impact modification 1s unnecessary can assume a small
oradient variation. Therefore, when a cut-off frequency 1is
determined such that the influence of such a gradient varia-
fion as defined 1n the law can be removed, any influence due
to gradient variation can also be removed.

FIG. 1 shows specification of a part of a road with a
varying gradient pursuant to the law. The law defines the
length of an arc AB, or an interfering part, of a road having
a gradient varying from gradient ®A to gradient OB, as
shown 1n FIG. 2. The required vertical sectional curve length
L 1n FIG. 1 can be expressed as follows.

AB
|04 - O]

L

When frequency analysis 1s applied to a function O(t)
indicative of a change of a gradient as time passes 1n the case
of a vehicle running at 80 km/h, which 1s twice the design
speed, on a road with a required vertical sectional curve
length 4.4 m/%, a frequency distribution indicated by the
solid line 1n FIG. 3 can be obtained. It should be noted that
the dotted line 1 FIG. 3 relative to a frequency distribution
obtained when a vehicle runs at a lower speed. As shown,
even when a vehicle runs on a road with a varying gradient
at a speed twice as high as a design speed, the function O(t)
only contains frequency components equal to or less than
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6

about 1 Hz. That 1s, the influence of a gradient can be
removed by processing an acceleration signal a and a gross
driving force signal F, using a high-pass filter for removing
that frequency band. In actuality, frequency analysis proves
that a function ©(t) indicative of a change in a gradient with
a vehicle running on an actual road (roads with gradient as
shown in the drawings on the right side) has solely compo-
nents less than or equal to 1 Hz, as shown 1n FIG. 4. That 1s,
frequency components related to a change 1n a gradient are
those of merely 2 Hz. Meanwhile, compared to a change of
a gradient, a variation 1 a driving force contains large
frequency components of 2 Hz or even higher. FIG. 5 1s a
diagram showing a result of frequency analysis applied to a
variation of a throttle position, which substantially corre-
sponds to a variation 1 a driving force. Specifically, a
throttle position under running condition shown in FIG. 5(a)
1s gven frequency analysis, and the result thereof 1s shown
in FIG. 5(b). Then, with an acceleration o and a gross
driving force F both processed using a high-pass filter
having a 2 Hz cut-off frequency, 1.e., with high frequency
components of an acceleration and a gross driving force, a
vehicle mass M(=7m) can be calculated using Expression
(4). It should be noted that the value of the cut-off frequency
1s not limited to 2 Hz, and can be appropriately determined
based on results of experimental trials.

Next, an example of a method for calculating a vehicle
mass variable parameter O will be described. Assuming that
the term (-g sin ®) in Expression (4) is a residual error e,
Expression (4) can be expressed as follows.

A(K)=L(k)/(Om)+e(k) (5)
wherein kK 1s a sampling time meaning first time or second
time and so on.

When a vehicle mass variable parameter 0 1s calculated
based on Expression (5), a vehicle mass M can be obtained.
In the case that the residual error e(k) is neglected, a
parameter O can be instantly obtained. In a case in which the
residual error e(k) is not negligible, at least square method
may be sequentially employed for estimating of a parameter
0. When an input u for use 1n the estimation 1s

H’=£/m (6):

an estimating gain kn can be expressed as follows.

kn(k+1)=Pn(k)u(k+1)/{ A\tu(k+1)Pn(k)u(k+1)} (7)

wherein Pn 1s an estimated gain parameter. The value of Pn
1s 1nitially set at a sufficiently large integer, such as 1000,
and sequentially updated based on the following.

Pr(k+ D={1~kn(f+ Dulk+1)  Pr(k)/A (8)

wherein A 1s a forgetting factor, and may be, e.g., 0.99. With
the above, a vehicle mass variable parameter 0 can be
expressed as follows.

00+ 1)=0(k)+Hen (ke D) {y (k+ D= (k+1)0(K) (9)

Here, as y(k+1)=a(k) is held, a vehicle mass M at a sampling
time (k+1) can be estimated as 0 (k+1)m.

As described above, a vehicle mass can be calculated
based on a gross driving force or a driving force and an
acceleration. The power plant for generating a driving force
includes a motor for generating a power and a transmission
for transmitting a motor output to a driving wheel. When a
motor power 1s transmitted without slipping, a driving force
and so on can be calculated based on a power of a motor and
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gear and total reduction gear ratios of a transmission system.
This 1s applied to a case where a transmission has a manual
fransmission, or a torque converter of an automatic trans-
mission 1s controlled 1 a lock-up state.

On the other hand, when a transmission has a slipping
mechanism, such as a torque converter, a launching clutch,
and so on, transmission characteristic of the slipping mecha-
nism must be taken into consideration in calculation of a
driving force. For example, a torque converter must be taken
into consideration as it amplifies an output torque of a motor.
Specifically, when a torque ratio 1s known with respect to a
speed ratio between an input and an output of a torque
converter, a driving force can be obtained through multipli-
cation of an output motor torque by the torque ratio and
further based on the gear and deceleration ratios. Also, the
use of a torque capacity can eliminate the need of obtaining
output characteristic of a motor.

FIG. 6 1s a block diagram showing a structure of a vehicle
mass calculation apparatus in this embodiment. An engine
driving force calculating section 10 reads engine power from
an engine power storage section 16, which corresponds to
the values detected by a throttle position sensor 12 and by an
engine rotation speed sensor 14, then obtains a driving wheel
output, based on a gear ratio, referring to a value detected by
a shift step sensor 18, and finally calculates a vehicle driving
force on a driving wheel, generated by an engine based on
a tire movement radius and so on. Data on engine power
corresponding to throttle value opening and engine rotation
speeds 1s pre-stored 1n the engine power storage section 16.
Preferably, in the engine output storage section 16 1s stored
data 1n consideration of dynamic response characteristic as
well as normal values.

The engine driving force calculating section 10 need not
always have an engine output storage section 16, and may
calculate an engine driving force, using any method. Engine
rotation inertia may be preferably considered in calculation
of an engine driving force.

A running resistance calculating section 20 reads running
resistance corresponding to a value detected by the vehicle
speed sensor 22, from a running resistance storage section
24. The running resistance storage section 24 may store
running resistance 1n the form of a map with respect to
vehicle speeds or 1n the form of a function indicative of a
running resistance curve. A gross driving force calculating
section 26 subtracts running resistance from a vehicle driv-
ing force generated by the engine, to thereby calculate a total
of the forces acting on the vehicle, except a force due to
gradient resistance, (a gross driving force). Gross driving
force time series signals F are then filtered by a high-pass
filter 28, thereby providing processed gross driving signals
E.

Time series signals o mdicative of outputs of an accel-
eration sensor 30 are also filtered by a high-pass filter 32,
thereby providing processed acceleration signals .. Accel-
cration may alternatively be obtained by differentiating an
output value of the vehicle speed sensor 22. On the contrary,
a vehicle speed may alternatively be obtained by integrating
an output value of the acceleration sensor 30.

Based on the processed gross driving signal F and the
processed acceleration signal o, a vehicle mass calculating
section 34 calculates a vehicle mass. When a vehicle mass
calculation 1s carried out using a successive least square
method, as described above, a variable parameter estimation
section 36 estimates a variable parameter 0 for a vehicle
mass, and the vehicle mass calculating section 34 calculates
a vehicle mass M based on the estimating variable parameter
0 and the initial value m of the vehicle mass.
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FIG. 7 shows another preferred embodiment of the
present invention. Removal of a low frequency component
from a gross driving signal F results in removal of the
influence of running resistance, as well as the influence of a
oradient, as described above. Therefore, structures relative
to running resistance, namely, the vehicle speed sensor 22,
the running resistance calculating section 20, the running
resistance storage section 24, and the gross driving force
calculating section 26, can be eliminated from the structure
of FIG. 6, and the engine driving force calculating section 10
1s constructed so as to directly supply an output to the
high-pass filter 28. It should be noted that an output signal
from the high-pass filter 1n FIG. 7 1s equivalent to a
processed gross driving signal F shown in FIG. 6, as the
filter 1n FIG. 7 removes the influence of running resistance
as well as that of a gradient.

FIGS. 8 and 9 show an example of vehicle mass calcu-
lation 1n the preferred embodiments of the present invention.
A mass of a vehicle having a throttle opening as shown 1n
FIG. 8 and running on a road with a gradient shown 1n the
same drawing 1s calculated, and the result 1s shown 1n FIG.
9. It can be seen from FIG. 9 that estimation comes to reach
values closer to a true value of a vehicle mass, even 1n the
case of a varying gradient.

Here, it should be noted that above description is relative
o a case wherein an engine power 1s transmitted to a driving
wheel without slipping. That 1s, a vehicle mass can be
calculated as described above when a transmission device 1n
FIG. 6 or FIG. 7 has a manual transmission, or the torque
converter of an automatic transmission 1s controlled in a
lock-up state. Note that a torque converter 1n a lock-1n state
1s such that a friction clutch incorporated in the torque
converter 1s connected so that input and output sides of the
torque converter are connected to each other without inter-
vention of a working liquid. A torque converter 1in a lock-up
state neither amplifies a torque nor changes a rotation speed.

When the torque converter 1s not 1n a lock-up state, 1n
other words, when it serves as a liquid transmission
mechanism, slipping between an 1nput and an output, 1.e., a
difference between an mput speed and an output speed, may
be caused. Under such a condition, torque converter trans-
mission characteristic must be taken 1nto consideration. FIG.
10 shows still another preferred embodiment of the present
invention, 1n the form of a driving force calculation device
comprising a power plant having a torque converter. Note
that structural members 1dentical to those described with
reference to FIG. 6 and so on are given identical reference
numerals, and a detailed description thereof 1s omitted. An
engine output torque calculating section 50 determines cur-
rent driving condition of the engine with reference to outputs
of the throttle position sensor 12 and the engine rotation
speed sensor 14, and calculates an output torque under that
condition with reference to a map stored in the engine power
storage section 16.

A driving force calculating section 52 calculates a speed
ratio between 1nput and output sides of the torque converter
based on outputs of an engine rotation speed sensor 14 and
a turbine speed sensor 54, and reads a torque ratio, based on
the calculated speed ratio, from the torque converter char-
acteristic storage section 56, which stores a table concerning
correspondence between a speed ratio and a torque ratio. A
torque on the output side of the torque converter can be
calculated by multiplying an engine output torque by the
torque ratio. A gear of the transmission, provided down-
stream of the torque converter, 1s detected by the gear sensor
18. Then, the driving force calculating section 52 calculates
a vehicle driving force. The calculated vehicle driving force
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1s filtered by the high-pass filter 28 whereby gradient and
running resistance 1s removed therefrom.

Mass calculation by the vehicle mass calculating section
34 1s carried out 1n the same operation as described with
reference to FIG. 6. That 1s, the vehicle mass calculating
section 34 receives a processed acceleration signal, or an
output of the acceleration sensor 30 subjected to high pass
filtering, and a processed driving force signal, or an output
of the high-pass filter 28, and calculates a vehicle mass
based thereon.

Here, characteristic stored 1n the torque converter char-
acteristic storage section 56 may possibly vary over time.
Therefore, a torque converter characteristic correction sec-
tion 58 1s provided 1n this device to update the characteristic
stored 1 the storage section 56 should they be changed.
Details of the torque converter characteristic correction
section 38 will be described later.

FIG. 12 shows yet another preferred embodiment of the
present 1nvention. A pump torque Tp of a torque converter
retains the following relationship with a pump rotation
speed, 1.€., an engine rotation speed Ne.

Tp=C(e)Ne” (10)

wherein C(e) 1s a torque capacity, which is known to have
a constant relationship with a torque ratio, as shown in FIG.
11. Therefore, the driving force calculating section 60 can
calculate a pump torque Tp of a torque converter based on
outputs of the engine rotation speed sensor 14 and the
turbine speed sensor 54 and a torque capacity C(e), stored in
the torque converter characteristic storage section 62. By
multiplying the calculated pump torque Tp by a torque ratio,
a turbine torque can be obtained. Further, the driving force
calculating section 60 calculates a vehicle driving force
based on a gear ratio and so on of the gear, detected by the
ogear sensor 18. The calculated vehicle driving force 1s then
filtered by the high-pass filter 28 whereby gradient and
running resistance are removed therefrom.

Mass calculation by the vehicle mass calculating section
34 1s carried out 1n the same operation as described with
reference to FIG. 6. That 1s, the vehicle mass calculating
section 34 receives a processed acceleration signal, or an
output of the acceleration sensor 30 subjected to high pass
filtering, and a processed driving signal, or an output of the
high-pass filter 28, and calculates a vehicle mass based
thereon.

Here, characteristic stored 1n the torque converter char-
acteristic storage section 62 may possibly vary as time
passes. Thus, a torque converter characteristic correction
section 64 1s provided in this device to update the charac-
teristic stored 1n the storage section 62 should they be
changed.

It should be noted that a gradient of a torque capacity
relative to a speed ratio 1s sharp 1n an area with a high speed
rat1o, or a coupling area, as shown m FIG. 11. Therefore, an
error 1n calculating a driving force based on a torque
capacity may possibly increase. Therefore, a driving force of
a motor may be used 1n a coupling area, and a driving force
may be calculated based on a torque capacity of a torque
converter in other areas.

In the following, torque converter characteristic correc-
tion sections 58, 64 will be described.

FIG. 13 shows an example of a power train system
comprising an engine and a torque converter. Assuming, for
brevity, that the respective sections of the system are made
of a rigid material, an equation of motion relative to the
system can be expressed as follows, which, however, 1s not
applicable to a vehicle with a gear shifting. Alternatively,
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spring or damper properties may be considered 1n an equa-
tion of motion.

2nJeNe=Te-Tp
Tp=Ti/,
t=Tt/Tp

2 iNt=mTt-To

2 pNt/h=To-Tdi

2 JdifftNt/At=dTdi-Tdo

dn(Jtire+Jb)Nt/(AM-Ad)=Tdo-(Tr+Tg) (11)

Jt: automatic transmission inertia (including torque con-
verter turbine inertia, depending on automatic trans-
mission gear ratio)

Jp: propeller shaft inertia

Jdiff: differential inertia (including drive shaft inertia)
Jtire: tire 1nertia

Jb: vehicle equivalent 1nertia

Te: engine torque

Tp: pump torque

Tt: turbine torque

To: automatic transmission output torque

Tdi: differential input torque

Tdo: differential output torque

Tr: running resistance (rolling resistance, air resistance)
Te: eradient resistance

t: torque ratio of torque converter

Ne: engine rotation speed

Nt: turbine rotation speed
M: automatic transmission gear ratio

hd: differential gear ratio

Mt: automatic transmission efficiency (depending on A t)

™

nt: differential efficiency
Expression (11) may be rewritten as follows when it is
solved with respect to a pump torque Tp.

Tp=Tt/t

=2n[Jt/(mo)+Tp/ (i) +J dif/ (mm die )+ (Ttire+Tb)/(mmdhiid) [N t+
(Tr+Tg)/(mmd) (12)

Ne, Nt are expressed as Ne(.), Nt(.) in this specification.
That is, Ne(.), Nt(.), Tr, Tg are calculated for estimation of
a pump torque. Ne(.) and Nt(.) are obtained by differing Ne
and Nt, both being obtained by a rotation speed sensor. Tr,
which can be approximated as a factor of a vehicle speed,
can be calculated from Nt. Tg 1s calculated from gradient
information, obtained from a gradient sensor, a navigation
system, and so on.

Alternatively, a pump torque can be estimated as follows,
using a tire rotation frequency Ntire and a vehicle longitu-
dinal acceleration o, 1f these are detectable. A wvehicle
longitudinal acceleration may be either detected using an
acceleration sensor or calculated based on a tire rotation
frequency.

Tp=2alJt/(m)+Jp/(mia)+Jdiff/(mmdir) INt+ 2n(Jtire+Jb)/
(mmd)Ntire+(Tr+Tg)/(mmd)

Tp=2a[Jt/(n)+Jp/(nthe) +Jdiff/ (i mdie) INt+(Jtire+Tb)/(mm d
rtire)o+{Tr+Tg)/(mmd)

(13)

(14)

[

ective tire radius.

wherein rtire 1S an ¢




US 6,347,269 Bl

11

Further alternatively, when the torque converter 1s not in
a locked-up state (a speed ratio : e=Nt/Ne=1), a pump torque
can be calculated using Expression (10), based on a torque
capacity C(e) of the torque converter and an engine rotation
frequency Ne.

Tp=C(e)Ne” (10)

Therefore, a torque capacity C(e) can be obtained using
Expressions (10) and (12), and alternatively estimated using
Expression (15). The same result may be obtained using
Expressions (13) and (14) in place of Expression (12).

C(e)=[2n{Jt/(mt)+p/(mtin) +Jdiff/(mmdit)+(Jtire+Jb)/

(MMAMAD) [INt+(Tr+Tg)/(nmd) [ Ne” (15)

A torque ratio t(e) can be obtained using Expressions (10)
and (12), and alternatively estimated using Expression (16).
The same result may be obtained using Expressions (12) and
(13) in place of Expression (11).

t(e)=[ 2n{Jt/ () +Tp/(ntAn) +Jdift/ (mmdAe)+(JTtire+Tb)/(mmdAtid) |}
Nt+(Tr+Tg)/(mmd) V(C(e)Ne?) (16)

Because the torque capacity C(e) and the torque ratio t(e)
are calculated both using Expressions (10) and (12), the
value first updated may be subjected to stronger correction.
Therefore, preferably, the order of calculation may be
changed alternately, so that estimations of the torque capac-
ity C(e) and the torque ratio t(e) are more likely to result in
values closer to actual values.

In order to ultimately calculate a turbine torque Tt using,
Expressions (10) and (12), once relationships between a
speed ratio and a torque capacity C(e), and between a speed
ratio and a torque ratio t(e) are known, a turbine torque Tt
can be estimated as fluctuation of a torque capacity C(e) and
a torque ratio t(e).

Here, a torque capacity C(e¢) and a torque ratio t(e)
obtained using Expressions (15) and (16) are relative. to a
certain speed ratio. When respective relationship
(curvatures) relative to speed ratios, of torque capacities
C(e) and of torque ratios t(e) after variation can be deter-
mined uniquely with respect to any desired speed ratio, a
torque capacity C(e) and a torque ratio t(e) may be obtained
using Expressions (15) and (16) with respect to a driving
condition resulting 1n a smallest estimation error, or torque
capacity proprieties and torque ratio proprieties can be
estimated based on an average obtained from a few times of
execution of Expressions (15) and (16), in order to prevent
erroncous updating due to an emergent noise or disturbance
contained 1n the detected information when substituting
previously estimated torque capacity characteristic and
forque ratio characteristic with the last estimated torque
capacity characteristic and torque ratio characteristic,
respectively, afilter, e.g., Expression (17), may be used to
obtain the latest torque capacity and torque ratio for use in
the update, and corresponding torque capacity characteristic
and torque ration characteristic are selected.

C(e)new=(1-p)C(e)old-PC(e)new(0<P<1)

t(e)new=_1-p)t(e)old-pt{e)new(0<p<1) (17)

wherein C(e)new, t(e)new are the last estimated torque
capacity and the last estimated torque ratio, respectively,
C(e)old, t(e)old are a previously estimated torque capacity
and a previously estimated torque ratio, respectively, and {3
1s a filter factor, which preferably may be determined
according to an estimation error or the like.

Preferably, erroneous estimation prevention device may
be provided for prohibiting estimation should an abnormal
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change 1n a rotation frequency, such as due to a slipping tire
or the like, be detected.

With the above structure, a torque of a power train system
(such as a turbine torque, a transmission output axial torque)
can be highly accurately estimated without being affected by
variation 1n transmission torque proprieties of a torque
converter (such as a torque capacity, a torque ratio, and so
on). As a result, accuracy in estimation of a vehicle mass can
be 1mproved.

FIG. 15 shows an example of a drive train using a
launching clutch. A launching clutch 1s a device for gradu-
ally connecting a clutch according to a driver’s operation
with an acceleration pedal and so on at the time of staring the
vehicle, and carries out a clutch operation on behalf of the
driver. A driving force can be calculated 1n consideration of
slipping proprieties of a launching clutch when a transmis-
sion torque ratio relative to a speed ratio between an 1nput
and an output 1s obtained 1n advance, similar to a case
wherein a torque converter 1s employed.

FIG. 16 shows yet another preferred embodiment of the
present invention. Expression (12) can be taken as an
expression of motion relative to a torque converter turbine,
in which 1nertia of a transmission mechanism or that of a
vehicle 1s imparted to the torque converter turbine as equiva-
lent inertia. Therefore, by solving the expression of motion,
inertia on the turbine side and, eventually, a vehicle mass can
be obtained.

An 1mput to a turbine can be calculated by multiplying a
pump torque Tp by a torque ratio t. A pump torque Tp can
be calculated using Expression (10), and a turbine rotation
acceleration Nt(.) can be obtained by differentiating an
output of the turbine rotation speed sensor. Equivalent
inertia, transmission efficiency, and so on, are assumed to be
substantially constant in the respective sections. Terms rela-
five to running resistance Ir and gradient resistance Tg,
which are DC or low frequency components, as described
above, can be removed through high pass filtering.
Therefore, equivalent 1nertia Jb of a vehicle can be obtained
by solving Expression (12). A vehicle mass can be calculated
based on the obtained equivalent inertia Jb.

This will be specifically described with reference to FIG.
16. An 1nput speed sensor 70 detects either one of an engine
rotation speed and a torque converter pump rotation speed,
which generally coincide to each other. The input torque
calculating section 72 applies the detected speed and a
torque capacity C(e) of the torque converter, stored in the
fransmission proprieties storage section 74, to Expression
(10) to calculate a pump torque signal indicative of a pump
torque Tp, the signal also being referred to as Tp in the
following. A low frequency component of a pump torque
signal Tp 1s removed using a high-pass filter 76, whereby the
influence of running and gradient resistance can be removed
therefrom. A resultant processed pump torque signal Tp,
subjected to high pass filtering, 1s 1nput to the vehicle mass
calculating section 78.

Meanwhile, an acceleration sensor 80 detects and differ-
entiates a turbine rotation speed. The accelerator sensor 80
supplies an output signal Nit(.) to ahigh-pass filter 82 to
remove a low frequency component therefrom, and a result-
ant processed acceleration signal Nt 1s output. Note that the
reason for application of high pass filtering to an accelera-
tion signal Nt(.) is the same as that for a high-pass filter 32
being used for the device shown 1n FIG. 6. The resultant
processed acceleration signal Nt(.) is input to the vehicle
mass calculating section 78.

Further, the vehicle mass calculating section 78 also
receives 1nformation on a currently selected shift step,
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detected by the shift step sensor 84, and, based thereon,
reads 1nertia, efliciency, and so on, of the respective sections
from the transmission system proprieties storage section 74.

Based on the supplied processed acceleration signal Nt(.),
processed pump torque signal Tp, and transmission system
proprieties, the vehicle mass calculating section 78 solves
Expression (12) in view of equivalent inertia Jb of a vehicle,
and further calculates a vehicle mass.

Alternatively, Expressions (13) and (14) can be used as an
equation of motion. In this case, wheel acceleration and
vehicle acceleration are used 1n addition to turbine
acceleration, though the number of sensors need not be
increased as a turbine acceleration, a wheel acceleration, and
a vehicle acceleration hold predetermined mutual relation-
ship.

It should be noted that the respective calculating sections
shown 1n FIGS. 6,7,10, 12,16 may actually be CPUs which
operate according to a program, and that the respective
storage sections may be known memory means, such as a
ROM. It should also be noted that the motor, which 1s an
engine 1n the embodiment shown in FIG. 6, may take any
form, such as an electric motor or combination of an engine
and an electric motor.

What 1s claimed 1s:

1. A vehicle mass calculation apparatus, comprising:

acceleration calculating device for calculating a longitu-
dinal acceleration of a vehicle to obtain an acceleration
signal;

driving force calculating device for obtaining a driving
force signal corresponding to a driving force of a power
plant of the vehicle;

first signal processing device for removing influence of
resistance acting on the vehicle from the acceleration
signal to obtain a processed acceleration signal;

second signal processing device for removing influence of
resistance acting on the vehicle from the driving force
signal to obtain a processed driving force signal; and

vehicle mass calculating device for calculating a vehicle
mass based on the processed acceleration signal and the
processed driving force signal.

2. A vehicle mass calculation apparatus according to
claim 1, wherein the power plant has a transmission device
including a slip transmitting element causing a slip, and a
motor, and wheremn the driving force calculating device
obtains a driving force signal based on transmission torque
characteristic of the slip transmitting element with respect to
a speed ratio between an mput and an output of the ship
fransmitting element.

3. A vehicle mass calculation apparatus according to
claim 2, wherein the slip transmitting element 1s a torque
converter, the transmission torque characteristic 1s a torque
ratio between an mput and an output, and the driving force
calculating device calculates a driving force of the power
plant based on a torque generated by the motor and the
forque ratio.

4. A vehicle mass calculation apparatus according to
claim 2, wherein the slip transmitting element 1s a torque
converter, the transmission torque characteristic 1s a torque
capacity, and the driving force calculating device calculates
a driving force of the power plant based on a pump rotation
speed of the torque converter and the torque capacity.

5. A vehicle mass calculation apparatus according to
claim 2, wherein the slip transmitting element 1s a launching
clutch, the transmission torque characteristic 1s a torque ratio
between an mput and an output, and the driving force
calculating device calculates a driving force of the power
plant based on a torque generated by the motor and the
torque ratio.
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6. A vehicle mass calculation apparatus according to
claim 2, further, comprising transmission torque character-
istic calculating device for calculating the transmission
torque characteristic based on a predetermined physical
relationship between an 1nput and an output of the trans-
mission device.

7. A vehicle mass calculation apparatus according to
claim 1, wherein the first signal processing device 1s a first
high-pass filter for removing a frequency band less than or
equal to a predetermined frequency; and the second signal
processing device 1s a second high-pass filter for removing
a frequency band less than or equal to the predetermined
frequency.

8. A vehicle mass calculation apparatus, comprising:

acceleration calculating device for calculating longitudi-

nal acceleration of a vehicle to obtain an acceleration
signal;

driving force calculating device for obtaining a gross

driving force signal corresponding to a gross driving
force resulting from a driving force of a power plant of
the vehicle deducted by running resistance;

first signal processing device for removing influence of
road gradient from the acceleration signal to obtain a
processed acceleration signal;

second signal processing device for removing influence of
road gradient from the driving force signal to obtain a
processed driving force signal;

vehicle mass calculating device for calculating a vehicle
mass based on the processed acceleration signal and the
processed driving force signal.
9. A vehicle mass calculation apparatus for calculating a
mass of a vehicle loaded with a power plant including a
motor and a transmission device, comprising:

device for calculating a first physical variable relative to
an acceleration calculated by the output rotational
speed of the transmission device to obtain a first signal;

device for calculating a second physical amount relative
to an 1mput torque of the transmission device to obtain
a second signal;

device for storing transmission characteristic of the trans-
mission device;

first signal processing device to remove influence of
resistance acting on the vehicle from the first signal to
obtain a first processed signal;

second signal processing device to remove influence of
resistance acting on the vehicle from the second signal
to obtain a second processed signal; and

vehicle mass calculating device for calculating a mass of
the vehicle based on the first processed signal and the
second processed signal.

10. A vehicle mass calculation apparatus according to
claim 9, wherein the transmission device includes a torque
converter, the first physical amount 1s a turbine rotation
acceleration of the torque converter, the second physical
variable 1s a pump rotation acceleration of the torque
converter, and the transmission characteristic 1s a torque
capacity and a torque ratio of the torque converter.

11. A vehicle mass calculation apparatus according to
claim 9, herein the transmission device includes a torque
converter, the first physical variable 1s a turbine rotation
acceleration of the torque converter and a wheel rotation
acceleration, the second physical variable 1s a pump rotation
acceleration of the torque converter, and the transmission
characteristic 1s a torque capacity and a torque ratio of the
torque converter.

12. A vehicle mass calculation apparatus according to
claim 9, wherein the transmission device includes a torque
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converter, the first physical variable 1s a turbine rotation
acceleration of the torque converter and a longitudinal
acceleration of the vehicle, the second physical variable 1s a
pump rotation speed of the torque converter, and the trans-
mission characteristic are a torque capacity and a torque
ratio of the torque converter.

13. A vehicle mass calculation apparatus according to

claim 9, wherein the resistance acting on the vehicle
includes running resistance and gradient resistance, the
running resistance including rolling resistance and air resis-
tance.

14. A vehicle mass calculation apparatus according to
claim 9, wherein the first signal processing device 1s a first
high-pass filter for removing a frequency band less than or
equal to a predetermined frequency, and the second signal
processing device 1s a second high-pass {ilter for removing,
a frequency band less than or equal to the predetermined
frequency..

15. A vehicle mass calculation apparatus, comprising:

acceleration calculating device for calculating a longitu-
dinal acceleration of a vehicle to obtain an acceleration
signal;
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driving force calculating device for obtaining a driving
force signal based on a driving force of a motor;

first signal processing device for removing influence of
road gradient from the acceleration signal to obtain a
processed acceleration signal;

second signal processing device for removing influence of
road gradient from the driving force signal to obtain a
processed driving force signal;

vehicle mass calculating device for calculating a vehicle
mass based on the processed acceleration signal and the
processed driving force signal.

16. A vehicle mass calculation apparatus according to
claim 15, wherein the first signal processing device 1s a first
high-pass filter for removing a frequency band less than or
equal to a predetermined frequency and the second signal
processing device 1s a second high-pass filter for removing
a frequency band less than or equal to the predetermined
frequency.
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